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recorded in the link data area. The capacity of a rewri- 
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Description 

This invention relates to a recording/reproducing 
device and nnethod and discs applied therein, and more 
particularly tea recording/reproducing device and meth- 
od and discs applied therein tor recording data on a re- 
writable disc in higher density or reproducing data there- 
from. 

As the method for addressing an optical disc (RAM 
disc) from and onto which data can be reproduced and 
rewritten, it is well known in CDR (Compact Disc Re- 
cordable), for example, that guide grooves (groove, 
tracks) for recording or reproducing data are wobbled 
according to address infonnation. The method of re- 
cording addresses by wobbling has the merit of improv- 
ing redundancy, compared with the method of recording 
addresses in advance as pre-pits by embossing or the 
like. Without the need to produce pre-pits by embossing, 
this method also has the advantage of providing com- 
patibility with reproduction only ROM discs recorded in 
the form of CLV. 

In a rewritable disc on which data is not always re- 
corded continuously, a link area must be formed be- 
tween a cluster and a cluster, wherein the link area must 
not only include a PLL area where ck>cks for data re- 
cording/reproducing are recorded and a slice control ar- 
ea where data for controlling a slice level for transform- 
ing a reproduction RF signal into a binary value is re- 
corded, but alsocontain frame synchronizing signals for 
providing f rame synchronization. 

However, since no substantial data is recorded in 
each frame of the link area, there has been the problem 
that the capacity of conventional rewritable discs cannot 
be increased, compared with ROM discs. 

This Invention has been made in consideratton of 
the above situatioh and its object is to permit the record- 
ing of data in higher density. 

A rewritable disc in which data is recorded along 
tracks, the disc comprising: a plurality of data blocks of 
second size, a plurality of collected sector data of first 
size being fonned on said tracks; and link area of said 
first size, formed between respective data blocks and 
subsequent data blocks. 

A disc according to the above, wherein the second 
size is a unit for recording or reproducing data. A disc 
according to claim 1 , wherein the data blocks have first 
and second error correction bkx:ks comprised of first 
and second error correction code types. 

A disc according to the above, wherein the link area 
includes a start point for use as a recording start position 
and position shift data recorded from the start point and 
having a specified data amount selected as a random 
value. 

A disc according to the above, wherein the track is 
comprised of wobbling groove modulated correspond- 
ing to address information including a track number and 
a segment number designating a circumferential direc- 
tion. 



A disc according to the above, wherein each of the 
sector data comprises a plurality of frame data having 
frame synchronization signals which are selected from 
annong frame synchronization signals of plural types 
5 and are disposed in specified order, and sakJ link area 
includes frame data disposed in such order that the 
frame synchronization signals are -equal to the sector 
data. 

A rewritable disc in which data is recorded along 
10 tracks, wherein the disc has the same frame structure 
as a reproduce only disc in whrch sector data comprised 
of a plurality of frame data having respective specified 
frame synchronization signals, and a link area is formed 
between the sector data and subsequent sector data 
IS and includes frame datadtsposed in such order that the 
frame synchronization signals are equal to -said sector 
data. 

A device for recording data in a rewritable disc, the 
devk:e conriprising: a head for recording data-on tracks 
^ formed in the disc and reproducing the data recorded 
on the tracks; anda recording-circuit for-outputting input 
data to said head in unKs of 'data blocks having a first 
. size and adding link areas having a second size before 
and after the data bkxks for output. 
25 A device according to the above, wherein the -data 
block consists of a plurality of -sectors having the second 
size, further comprising an address generation circuit for 
generating sector addresses to be added to these sec- 
tors. 

30 A device according to the above, wherein the link 
areascomprise a front link area added after the preced- 
ing data bksck and a rear link area added to Vne toltowing 
databkxsk. 

A device according to the at>ove, wherein said re- 
3s cording circuit adds first and second error corr^ctksn 
codes comprised of first and second arror •correctk}n 
code types to the data blocks. 

Embodiments of the invention will now be de- 
scribed, by way of example only, with reference to the 
40 accompanying drawings in whk;h: 

Figs. 1 A and IB show the state in which a disc of 
one embodiment of this invention is wobbled. 

Fig. 2 shows an example of the structure of a wob- 
bling address frame. 
45 Fig. 3 shows an example of the configuration xA a 
wobbling signal generation circuit 

Fig. 4 shows an example of a biphase signal output 
by the biphase modulation circuit 1 3 of Fig. 3. 

Fig. 5 shows another example of a biphase signal 
so output by the biphase modulation circuit 13 of Fig. 3. 

Fig. 6 shows frequency modulation performed -by 
the FM modulation circuit IS of Fig. 3. 

Fig. 7 shows a frequency modulated wave output 
by the FM modulation circuit of Fig. 3. 
55 Fig. 8 shows an example of the configuration of a 
recording device for manufacturing a disc 1 having pre- 
grooves. 

Figs. 9A to 9D shows the operation of the synthe- 
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sizing circuit 22 of Fig. 5. 

Fig. 10 Is a blocit diagram showing an exannple of 
the configuration of an optical disc recording/reproduc- 
ing device embodying a recording/reproducing device , 
of one embodiment of this Invention. 

Fig.. 11 shows zones in a disc. . 

Fig. 12 shows parameters of each zone. 

Fig. 13 shows parameters of each zone. 

Fig. 14 shows parameters of each zone. 

Fig. 15 shows parameters of each zone. 

Fig: 16 is a flowchart showing clock switching 
processing in the embodiment of Fig. 10. 

Fig. 17 shows the format of one sector of data. 

Fig. 1 8 shows the structure of 32K-byte data. 

Fig. 19 shows the state in which the outside code 
of Fig. 18 is interleaved. 

Fig. 20 shows the configuration of 32K-byte blocl< 
data. 

Fig, 21 shows an example of the. configuration of 
frames and frame synchronizing signals of a FIOM disc. 

Fig. 22 shows an example of the configuration of 
frames and frame synchronizing signals of a RAM disc. 

Fig. 23 show the format of recording/reproducing 
unit of link data. 

Fig. 24 shows an example of frame synchronizing 
signals shown in Figs. 21 and 22. 

Fig. 25 shows an example of the structure of a link 
area. 

Fig. 1 A shows an example of the structure of an op- 
tical disc embodying a disc of one embodiment of the 
present invention. As shown in the figure, a pre-groove 
2 is spirally formed in advance from inner circumferenc- 
es toward outer circumferences. Of course, the pre- 
groove 2 can also be concentrically formed. 

The pre-grooye 2, as seen from a magnified portton 
thereof in Fig. 1 B, has the walls at both sides which are 
wobbled according to address informatron and meander 
according to a frequency nx>dulated wave. One track 
has a plurality of wobbling address frames. 

Fig. 2 shows the structure (format) of a wobbling 
address frame. As shown in the figure, a vrabbltng ad- 
dress frame is comprised of 48 bits, the first 4 bits of 
which indicate a synchronizing signal (Sync) designat- 
ing the start of the wobbling address frame. The next 4 
bits contains a segment number which indicates the cir- 
cumferential direction of the disc. The next 20 bits con- 
tain a track address (track number). The next 4 bits con- 
tain the frame number of the address frame. The next 2 
bits are reserved for future use. The subsequent 14 bits 
contain an error detection code (CRC), which is pro- 
duced from data except a synchronizing signal (Sync). 

Eight wobbling address frames, e.g., per track (one 
rotation) are recorded on a CAV (constant angular ve- 
locity) disc. Accordingly, a value from 0 to 7, e.g., is re- 
corded in the segment number field shown in Fig. 2. 

Fig. 3 shows an example of the configuration of a 
wobbling signal generation circuit for generating a wob- 
bling signal to wobble a pre-groove 2 according to an 



address of the format shown in Fig. 2. A generation -cir- 
cuit 11 generates a signal having a frequency of 372.4 
kHz. A signal generated by the generation circuit 11 is 
fed to a divider 12, divided by a value 15, then fed to a 

s biphase modulation circuit 1 3 as a biphase clock signal 
having a frequency of 24.8 kHz. The biphase modulation 
circuit 13 is also ted with ADIP, (Address In Pre-groove) 
data of the frame formal shown in Fig. 2. 

The biphase modulation circuit 1 3 biphase-modu- 

10 lates the biphase clock fed from the-divider 12 with ADIP 
data (address data) fed from a circuit not shown in the 
figure and feeds a biphase signal to an FM modulation 
circuit 15. The FM modulatran circuit 15 is also fed with 
a can-ier having a frequency of 93.1 kHz resulting from 

IS the division of a 372.4 kHz signal generated by the gen- 
eration circuit 11 by a value 4 in the divisor 14. The FM 
modulation circuit 15 frequerwy-modulates the carrier 
input from the divkler 14 with the biphase signal input 
from the biphase modulation-circuit 1 3 and outputs a re- 

20 suiting frequency modulated signal. The walls at both 
sides of the pre-groove 2 on the disc 1 are formed (wob- 
bling) according to the frequency modulated signal. 

Figs. 4 and 5 show examples of a biphase signal 
output from the biphase nnodulation circuit 13. In this 

2S embodiment, when a leading bit is 0, "11101000" isused 
as a synchronization pattem (SYNC) as shown in Fig. 
4. and when a leading bit is 1 , '00010111 " is used as a 
synchronization pattern as shown in Fig. 5, indtoating 
the opposite phase of the synchronization pattern 

30 shown in Fig. 4. SYNC is an irregular, unique pattem 
which will not appear in modulation. 

."0' of data bits of address data <ADIP data) is bi- 
phase-modulated and converted to channel bits of '11 ' 
(when a preceding channel bit isO) or "00° :(virtien a pre- 
ss ceding channel bit is 1 ). "1 " is-converted tochannel bits 
of "10" .(when a preceding channel bit isO) or t)1 * (when 
a preceding -channel bit is 1). Which of two patterns is 
selected for conversipn depends on a preceding code. 
Namely, the wave forms in Figs. 4 and 5 are represented 

40 by patterns of channel bits 1 and 0 with 1 as a high-level 
signal and 0 as a low-level signal, and one of two pat- 
terns is selected so that the wave forms arecontinuous. 

According to a biphase signal shown in Fig. 4 or 5, 
the FM modulation circuit 15 frequency-modulates a 

45 carrier fed from the divider 14 as shown in Fig. 6. 

Namely, when channel bit data (biphase signal) is 
0, the FM modulation circuit 15 outputs a 3.5-wave-car- 
rier in a period corresponding to half of the length of one 
data bit. The 3.5-waVe carrier begins with a positive or 

so negative half wave. 

On the other hand, when channel bit data (biphase 
signal) is 1 , a 4-wavecarrier is output in a period corre- 
sponding to half of the length of one data bit. The 4-wave 
carrier also begins with a positive or negative half wave. 

55 Accordingly, when channel data bits 00 are input 
correspondingly to dataO, the FM modulation circuit 15 
outputs a 7-wave (= 3.5 + 3.5) frequency modulated 
wave in a periodcorresponding to the length of the data 
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bits, and when channel data bits 11 are input, the FM 
modulation circuit outputs anS-wave (=4 + 4) frequency 
modulated wave. When channel data bits 10 or 01 are 
input correspondingly to data 1 , a 7.5-wave (= 4 + 3.5 = 
3.5 + 4) frequency modulated wave Is output. 

A 93. 1 kHz carrier input to the FM modulation circuit 
15 corresponds to a 7.5-wave carrier, and according to 
data, the FM modulation circuit 15 produces the 
7.5-wave carrier or a 7-wave or 8-wave frequency mod- 
ulated wave shifted by ± 6.67% {- 0.5/7.5) with respect 
to the carrier. 

As described above, as a carrier beginning with a 
positive half wave and a carrier beginning with a nega- 
tive half wave which correspond to channel data 0 and 
channel data 1 , respectively, the one continuous to a 
preceding signal is selected. 

Fig. 7 shows an example of a frequency modulated 
wave output from the FM modulation circuit 15 in this 
way. In this example, the first data bit is 0 and the chan- 
nel data bit thereof is 00. A 3.5-wave carrier beginning 
with a positive half wave at a start point is selected for 
the first channel data bit 0. As a result, the carrier ends 
with a positive half wave. Accordingly, a 3.5-wave carrier 
beginning with a negative half wave is selected for the 
next channel data bit 0, so that a frequency modulated 
wave having a total of 7 waves is produced for a data 
bit 0. 

The data bit 0 is followed by a data bit 1 (channel 
bits 10). Because the 3.5-wave carrier for the channel 
data bit 0 corresponding to the preceding data bit 0 ends 
with a negative half wave, a carrier beginning with a pos- 
itive half wave is selected as a 4-wave carrier for the first 
channel data bit 1 corresponding to the data bit l. Be- 
cause the 4-wave carrier for the channel data bit 1 ends 
with a negative half wave, a carrier beginning with a pos- 
itive half wave is selected as a 4-wave carrier for the 
next channel data bit 0. 

Hereinafter, in the same way, 7.5-wave, 8-wave, 
and 7-wave carriers are produced correspondingly to a 
data bit 1 (channel data bits 10), a data bit 0 (channel 
data bits 11), and a data bit 0 (channel data bits 00) so 
that they are continuous at the boundary points (start 
and end points) of data bits. 

As shown in Fig. 7, in this embodiment, the length 
of channel bits is an integer multiple of the half of the 
wavelength of carrier in any case of a 7-wave, 7.5-vave, 
or 8-wave carrier. Namely, the length of channel bits is 
7 times the half of the wavelength of a 7-wave carrier 
(frequency modulated wave) and 8 times the half of the 
wavelength of a 8-wave carrier (frequency modulated 
wave). The length of channel bits is 7 times (when a 
channel bit is 0) or 8 times (when a channel bit is 1 ) the 
half of the wavelength of a 7.5-wave carrier 

Further, in this embodiment, the boundary point 
(start or end point) of biphase-modulated channel bit is 
defined as a zero-cross point of frequency modulated 
wave. This equates the phases of address data (chan- 
nel bit data) and frequency modulated yvave, eases the 



identification of the boundary point -of the bit. and helps 
to prevent erroneous detection of address data bits, re- 
sulting in accurate reproduction of address information. 
In this embodiment, the boundary points (start and 
s end points) of data bit and the edge (zero-cross point) 
of frequency modulated wave are made tooorrespond. 
This enables a clock to be produced on the basis of the 
edge of frequency modulated wave. In this embodiment, 
however, as described later with reference to Fig. 9, a 
clock is produced on the basis of a clock synchronizing 
mark. 

Fig. 8 shows an example of the configuration of a 
recording device (disc production device) for manufac- 
turing a disc 1 having pre-grooves. A wobbling signal 
generation circuit 21 has a configuration shown in "Fig. 
3 and feeds a frequency modulated signal output from 
the FM modulation circuit 1 5 to a synthesizing circuit 22. 
A mark signal generation circuit 23 generates a clock 
synchronizing mark signal in a predetermined timing 
and outputs it to the synthesizing circuit 22. The synthe- 
sizing circuit 22 synthesizes the frequency modulated 
signal output by the wobbling signal generation circuit 
21 and the clock synchronizing mark signal output by 
the mark signal generation circuit 23 and outputs the re- 
sult to a recording circuit 24. 

The synthesizing circuit 22. when the clock syn- 
chronizing mark signal is fed. synthesizes a clock syn- 
chronizing mark (FineClock Mark) thereof into a car-rier 
fed from the wobbling signal generation circuit 21, as 
shown in Fig. 9. If recording/reproducing data is rrradu- 
lated by a pirocess known as eight-to-fourteen-bit mod- 
ulation (EFM) applied to DVD or the like, the length of 
clock synchronizing niark is equal to the length of 6 to 
14 T (T is the length of bit<5ell). 

Namely, as shown in <a) through^d) in"Flg. 9, when 
channel bit data is 00 (data 0). 11 (data 0), 10 (data 1 ), 
or 01 (data 1 ), a clock synchronizing mark of frequency 
higher than the modulation frequency <57.6 kHz) of ad- 
dress information is. synchronized at the zero-cross 
point of carrier at the center.(channel bit switching point) 
of each data. The clock synchronizing mark is recorded 
every data bit or every a predetermined number of data 
bKs. 

By thus inserting a clock synchronizing mark at the 
zero-cross point of a wobbling frequency modulated 
wave corresponding to the center (chanrtel data bit 
switching point) of address data bit, the clock synchro- 
nizing mark decreases in amplitude variation and the 
detection thereof is eased. 

Namely, in the FM modulation circurt 15, if frequen- 
cy modulation were carried out in a manner that shifts 
a frequency by -5%, e.g., from the<:enter frequency 
when a channel data bit is 0, and by +5% from the.center 
frequency when a channel data bit is 1 , the boundary 
point of data bit or channel data bit and the zero-cross 
point of frequency modulated wave woukJ not -corre- 
spond and channel data bits (or-data bits) might be er- 
roneously detected. Also, a clock syrrchronizing mark 
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would be not always inserted at a zero-cross point and 
be superimposed at a point where the frequency mod- 
ulated wave has a predetermined amplitude value. As 
a result, the clock synchronizing mark would increase 
or decrease in level according to the amplitude value, 
making the detection thereof difficult. According to this 
embodiment, because a clock synchronizing mark is al- 
ways placed at the zero-cross position of frequency 
modulated wave, the detection, that is, distinction from 
a frequency modulated wave thereof is eased. 

The recording circuit 24 controls an optical head 25 
according to a signal fed from the synthesizing circuit 
22 and emits a laser beam to form a pre-groove (includ- 
ing clock synchronizing marks) on an original disc 26. A . 
spindle motor 27 is adapted to rotate the original disc 
26 at a constant angular velocity (CAV). 

Namely, a frequency modulated signal generated 
by the wobbling signal generation circuit 21 is synthe- 
sized with a clock synchronizing mark signal output from 
the mark signal generation circuit 23 in the synthesizing . 
circuit 22 and is input to the recording circuit 24. The 
recordng circuit 24 controls the optical head 25 accord- 
ing to a signal output from the synthesizing circuit 22 
and emits a laser beam. The laser beam emitted from 
the optical head 25 is irradiated onto the original disc 26 
that is being rotated at a constant angular velocity by 
the spindle nrtotor 27. 

The original disc 26 is developed, a stamper is pro- 
duced therefrom, and a disc 1 is formed from the 
stamper as a number of replicas. In this way, a phase- 
change type disc 1 , for example, with a pre-groove 2 
having clock synchronizing marks described above be- 
ing formed is obtained. 

Fig. 1 0 shows an example of the configuration of an 
optical disc recording/reproducing device for recording 
data on the disc 1 obtained in this way. or reproducing 
data therefrom. A spindle motor 31 is adapted to rotate 
a disc 1 at a predetermined angular velocity. An optteal 
head 32 irradiates a laser beam onto the disc 1 to record 
data on the disc 1 and reproduce data from the light re- 
flected by the disc 1 . A recording/reproducing circuit 33 
temporarily stores recording data input from a device not 
shown in the figure in memory 34, and when one cluster 
of data (or one sector of data) as a recording unit has 
been stored in the memory 34, reads out and modulates 
it by a predetermined method, and outputs it to the op- 
tical head 32. The recording/reproducing circuit 33 de- 
modulates data input from the optical head 32 as re- 
quired, and outputs it to a device not shown in the figure. 

As described later the recording/reproducing circuit 
33 adds a preceding link area and a following link area 
to recording data and performs output by adding syn- 
chronizing signals and recording data to the link areas. 

An address generation/read circuit 35 generates a 
data address (sector address) (described later with ref- 
erence to Fig. 17) to be recorded in a track (pre-groove 
2) according to control by a control circuit 38 and outputs 
it to the recording/reproducing circuit 33. The recording/ 



reproducing circuit 33 adds the address to recording da- 
ta fed from a device not shown in the figure and outputs 
the recording data to the optical head 32 When address 
data is contained in the reproducing data to be repro- 

s duced from a track on the disc 1 by the optical head 32, 
the recording/reproducing circuit 33 separates it from 
the reproducing data and outputs it to the address gen- 
eration/read circuit 35. The address generation/read cir- 
cuit 35 outputs the read address to a control circuit 38. 

10 A mark detection circuit 36 detects a component 
corresponding to a clock synchronizing mark from an 
RF signal output for reproduction by the optical head 32. 
An address detection circuit 37 reads address informa- 
tion (the track number and segment number in Fig. 2) 

IS contained in a wobbling signal from the RF signal output 
by the optical head 32 and feeds it to a cluster counter 
46 and the control circuit 38. 

A mark period detection circuit 40 determines the 
periodteity of a detection pulse output when the mark 

20 detection circuit 36 detects a ckxk synchronizing mark. 
Namely, because the clock synchronizing mark is gen- 
erated at a constant perkxj, the mark period detection 
circuit 40 determines whether the detection pulse input 
from the mark detection circuit 36 is the one generated 

2S at the constant period, and if it is generated at the con- 
stant period, generates a pulse synchronously with the 
detection pulse, and outputs it to a phase comparator 
42 of a PLL circuit 41 of a subsequent stage. When the 
detection pulse is not input at a constant period, the 

30 mark period detection circuit 40 generates a dummy 
pulse at a predetermined timing to prevent the P4.L cir- 
cuit of a subsequent stage from locking an incorrect 
phase. 

In addition to the phase comparator 42, the PLL-cir- 

35 cull 41 includes a lowpass filter (LPF) 43, a voltage con- 
trol oscillator (VCO) 44, and a frequency divider 45. The 
phase comparator 42 compares the phase of input from 
the mark period detection circuit 40 and that of input 
from the frequency divider 45 and outputs the error be- 

40 tween the phases. The lowpass filter 43 snrxxsthes a 
phase error signal output from the phase comparator 42 
and outputs the smoothed signal to VC044. VC044 
generates a clock having a phase-corresponding to the 
output of the lowpass filter 43 and outputs it to the tre- 

45 quency divider 45. The frequency divider 45 frequency- 
divides the clock input from VC044 by a predetermined 
value (value specified in the control circuit 38) and out- 
puts the result to the phase comparator 42. 

The clock output by VC044 is fed to each circuit 

so and the cluster counter 46. The cluster counter 46 
counts the number of clocks output by VC044 on the 
basis of a track address (track number) fed from the ad- 
dress detection circuit 37, and when the counted value 
reaches a preset, predetermined value (value corre- 

ss spending to the length of one cluster), generates aclus- 
ter start pulse and outputs it to the control circuit 38. 

A sled motor 39 is controlled by the control circuit 
38 and is adapted to move the optbal head 32 to a pre- 
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determined track position. The control circuit 38 controls 
the spindle motor 31 and rotates the disc 1 at a prede- 
termined constant angular velocity (CAV). 

ROM 47 contains a table defining the correspond- 
ence between the tracl< numbers (Fig. 2) in address 
frames and the zones into which a data recording area 
on the disc 1 is partitioned, and if necessary, a table de- 
fining the relationship between the zones and bands as- 
sociated with the zones. 

Namely, the control circuit 36 partitions the disc 1 
into a plurality of zones (|n Uiis embodiment, (m + 2) 
number of zones, zone 0 through zone (m + 1)) as 
shown Fig. 11, to record or reproduce data. When the 
number of data frames (the unit of data transmission 
blocks unlike address frames described with reference 
to Fig. 2) per track of zone 0 is n, the number of data 
frames per track is n -•- 8 in the next zone 1 . Hereinafter, 
in the same way, the number of data frames in a zone 
on an outer circumferential side is eight greater than that 
in a zone on an adjacent, inner circumferential side, and 
the number of data frames in the zorie (m 1) on the 
outermost circumference side is (n -f 8) x (m •<■ 1 ). 

Switching to zone 1 is made at the radius position 
where the capacity of (n + 8) frames is obtained with the 
same linear density as the innermost circumferential lin- 
ear density in zone 0. In the same way, zone m begins 
at the radius position where the capacity of (n -i- 8 x m) 
frames is obtained with the same linear density as the 
innermost circumferential linear density in zone 0. 

For example, in the case of a 1 20-mm diameter disc 
1 on which a recording/reproducing area is allocated in 
the radius range of 24 mm to 58 mm, it track pitch isO.BS 
\im and linear density is 0.32 >im/bit, the recording/re- 
producing area is partitioned into 92 zones as shown in 
Figs. 12 to 1 5. In a zone 0 with a disc radius of 24 mm, 
632 frames are allocated per track (one rotati<xi) and 8 
frames are increased per track for each increment of 
zone. 

As described later, in this embodiment, because 
one sector is comprised of 26 frames (data frames), the 
number (= 6) of frames incremented for each zone is set 
to a value smaller than the number (= 26) of frames com- 
prising one sector. This permits forming of more zones 
in a smaller unit and helps to increase the capacity of 
disc 1 . This method is called zone CLD (Constant Linear 
Density). 

In Figs. 12 to 15. the data of the columns, from the 
left in the figures, represents zone number, the radius 
of the innermost circumference in the zone, the number 
of frames per track, the number of tracks per zone, the 
number (cluster count) of recording/reproducing units 
(blocks) per zone, minimum linear density in the zone, 
the capacity of the zone, the rotation speed of the zone, 
the minimum linear velocity of the zone, and the maxi- 
mum linear velocity of the zone. The rotation speed rep- 
resents the number of rotations per minute for a data 
transfer rate of 11.08 Mbps. 

In this embodiment, the number of tracks in each 



zone is fixed to 442 and Is equal to the number (the 
numljer of frames in ECC block) ^described later with 
reference to Fig. 20) of frames in one recording/repro- 
ducing unit. 

5 In this embodiment, the numt>er of tracks in each 

zone is defined as one time the number (442 frarnes) of 
data frames comprising a recording/reproducing unit but 
can be defined as an integer multiple thereof. This pre- 
vents the occurrence of redundant data frames and 
10 causes an integer number of recording/reproducing 
units (blocks) to be placed in each zone, improving zon- 
ing efficiency. As a result, acapacity-close to that of .zone 
CLV can be obtained. 

Such zoning close to CLV reduces achange in clock 
frequency between a zone and the next zone, and per- 
mits extraction of a clock between the zones where the 
clock frequency changes even in the case of reproduc- 
tion by a reproducing device designed specifically for 
CLV, contributing to continuous reproduction between 
zones. 

Next, the operation of the embodiment shown in 
Fig. 10 will be described. Here, the data recording op- 
eration will be described. The opttoal head 32 irradiates 
a laser beam onto the optk:al disc 1 and outputs an RF 
signal obtained from the reflected light thereof. The ad- 
dress detection circuit 37 reads wobbling information 
(address information) from the fRF signal and outputs 
the read result to the control circuit 38 and the cluster 
counter 46..The wobbling information is also input tothe 
mark detection circuit 36. where a clock synchronizing 
mark is detected and a detection signal thereof is fed to 
the mark period detection circuit 40. 

The mark period detection circuit 40 determines the 
periodicity of the ckx:k synchronizing mark, generates 
a predetermined pulse according to the determinatton 
result, and outputs it to the PLLcircuit 41 . The PLLcircuit 
41 generates a clock (recording clock) synchronously 
with the pulse and feeds it to the cluster counter 46. 

The control circuit 38 can detect the position of a 
reference ckxjk synchronizing mark in one track (one 
rotation) from a segment address -(segment number) fed 
from the address detection circuit 37. Access can t>e 
made to any position (any position during one rotation) 
on a track based on the counted value of recording clock 
on the basis of the first clock synchronizing mark detect- 
ed in an address frame of segment number 0, for exam- 
ple. 

When access has been made to any positk^n on a 
track in the way described above, it is necessary to de- 
termine which zone the access point belongs to and 
have VC044 generate a clack having a frequency cor- 
responding to the zone. Accordingly, the control circuit 
38 further executes the clock switching processing 
shown in the flowchart shown in Fig. 16. 

Namely, first, in the step SI, the control-circuit 38 
reads a track number from the address at an access 
point output by the frame address detection circuit 37. 
Next, in the step S2, the control circuit 38 reads a zone 
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•corresponding to the track number read in the step SI 
from the table stored in ROM 47. As described above, 
the table stored in advance in ROM47 shows which 
zone of zones 0 to 92, e.g., a track o1 each number be- 
longs to. 

Accordingly, in the step S3, the control circuit 38 de- 
termines whether the track number just read belongs to 
a new zone different from the zone to which access has 
been made up to that time. Upon determining it as a new 
zone, the control circuit 38 goes to the step 4, controls 
the frequency divider 45. and has It set a frequency di- 
viding ratio corresponding to the new zone. In this way, 
a recording clock leaving a different frequency for each 
zone is output from VC044. 

In the step S3, if a current zone is determined as 
being not a new zone, the step S4 processing is skipped. 
Namely, the frequency dividing ratio of the frequency di- 
vider 45 is left intact without being changed. 

Next, the formatting of recording data by the record- 
ing/reproducing circuit 33 will be described. In this em- 
bodiment, as described above, data is recorded with 
one cluster (32 kilobytes) as a unit. The cluster is con- 
figured as described below. 

Namely, 2-kilobyte (2,048 bytes) data is extracted 
as one sector of data from among data stored in the 
mernory 34 and in the recording/reproducing circuit 33. 
a 16-byte overfiead is appended thereto, as shown In 
-Fig. 17. The overhead contains a sector address (ad- 
dress generated or read by the address generatjon/read 
circuit 35) and an error detection code for error detec- 
tion. 

In the recording/reproducing circuit 33, a total of 
2,064 (= 2,048 + 1 6) bytes of data is defined as 1 2 x 1 72 
(= 2,064) bytes of data as shown in Fig. 18. Sixteen seg- 
ments with one cluster of data as one segment consti- 
tute 192 (= 12 X 16) X 172 bytes of data. For the 192 x 
172 bytes of data, a 10-byte inside code (PI) and a 
16-byte outside code (PO) are appended as parity for 
error correction to each of bytes in horizontal and verti- 
cal directions, respectively. 

Of the data blocked to 208 (= 1 92 + 16) x 182 (= 
172 + 10) bytes, 16 x 182 bytes of outside code (PO) 
are partitioned into 16 pieces of 1 x 182 bytes of data, 
each being appended and interleaved below each of 16 
pieces of 12 x 182 bytes of sector data numbered 0 to 
15 as shown in Fig. 19. Thus. 13 (= 12 + 1) x 182 bytes 
of data are defined as data of one sector. 

Further, 208 x 182 bytes of data are vertically halved 
as shown in Fig. 20, resulting in data of 208 x 2 frames, 
each 91 bytes long. The data of 208 x 2 frames is pre- 
ceded by link data (data in a link area) o1 13x2 frames 
(more correctly, as described later with reference to Fig. 
25, part of 26 frames of data is recorded at the end of 
cluster and the rest is recorded at the start of current 
cluster). 

Further, 2-bytes frame synchronizing signal (FS) is 
appended at the start of 91 bytes of frame data. As a 
result, as shown in Fig. 20, with one frame of data being 



comprised of 93 i= 91 + 2) bytes, a datat>kx:k having 
221 (= 208 + 1 3) x (93 X 2) bytes, which is equivalent to 
442 frames, is formed. Data of the lECC block consti- 
tutes a clusterful of data (block as a recording unit). The 
s size of actual data portion except the overhead portion 
is 32K bytes .(= 2,048 x 16/1024 K bytes). 

Namely, in this embodiment, one cluster is com- 
posed of 16 sectors and one sector -is composed of 26 
frames. 

10 Figs. 21 and 22 show the configuration, of frames 
and frame synchronizing signals in the link section be- 
tween a cluster and the next cluster of f^M disc (repro- 
duce only disc) and RAM disc (rewritable disc), respec- 
tively. In the flOM disc, a^luster and the next cluster 

IS are directly linked (linked with no link frame intervening 
between them). One sector is comprised of 13 lines of 
data or .26 frames, each frame being preceded by one 
of frame synchronizing signals SYO to SY7. 

In the iRAM disc, a link area is provided between a 

20 cluster and the next cluster. The last 13 rows of data, 
that is, 26 frames <on€ sector) of data in a-cluster are 
followed by a link area comprising 26 frames ione sec- 
tor), followed by the first 26 frameS'(one sector) of<lata 
in the next cluster, frame synchronizing signals inclus- 

2S ters of the RAM disc and those in clusters of the fROM 
disc are identical in structure. Further, frame synchro- 
nizing signals in a link area of the RAM disc have the 
same structure as those in clusters. That is, franrte syn- 
chronizing signals have an identical pattem whether a 

30 cluster, a link area, a ROM disc, or a RAM disc, such a 
structure permits-easy reproductkxi of RAMdiscsby re- 
production devk:es designed specifk^lly forf^OMdiscs. 

Narrtely, because a reproducton device designed 
specifically for ROM discs is adapted so that, when«ight 

3S frame synchronizing signalsSYI . SY7. SV2. SY7, SY3, 
SY7, SY4, and SY7 stored in tenth to thirteenth lines of 
a data block are detected, It recognizes that the next 
data is the start of the data bkx:k, it is possible to have 
the reproduction device recognize the start of a data ar- 

40 ea foltowing a link area by storing the eight frame syn- 
chronizing signals in the link area. 

In ROM discs and PAM discs, data is recorded in 
the areas indicated by the blank portions in the figure. 
In a link area of f^AM disc, postambledata, post guard 

45 data, slice/PLL data. etc. are recorded in thetilank por- 
tions on the first seven rows (14 frames), and the next 
six rows (12 frames) are defined as a link data area, in 
the blank portions of which data is recorded as in a-clus- 
ter 

50 Fig. 23 shows an example of the structure of a re- 
cording/reproducing unit of two frames in a link data ar- 
ea within a link frame. As shown in the figure, the re- 
cording/reproducing unit is -comprised -of two frames 
with a 10-byte inside code (PI) appended to 172 bytes 

SB of data. Namely this unit has the same structure as that 
of one raw in the-ECC bkack shown in Fig. 19. Because 
the use of PI type alone willprovide poorer error correc- 
tion capability than wouW be achieved in EGC -blocks. 
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in this embodiment, identical data of a structure shown 
in Fig. 23 is recorded repeatedly six times in the six-raw 
link data area shown in Fig. 22. 

Fig. 24 shows an example of frame synchronizing 
signals SYO to SY7 shown in Figs. 21 and 22. Although 
the frame synchronizing signals are defined as 2-byte 
data, in this embodiment, the data length of each frame 
synchronizing signal is 32 bits (4 bytes) since data con- 
verted into channel bit data is used. SYO, e.g., has four 
types of states, states 1 to 4, and when SYO is appended 
to 91 -byte frame data (see Fig. 20). the data of a state 
in which DSV (Digital Sum Value) is minimized is select- 
ed and appended as a frame synchronizing signal by 
the recording/reproducing circuit 33. 

Fig. 25 shows a more detailed format of a link area 
between a cluster and a cluster. 

As shown in Fig. 25. a link area (link frame) is com- 
posed of 26 frames (one sector) and inserted between 
a 32K-byte data block (cluster) and the next 32K-byte 
data block (cluster). Slice/PLL data and link data are re- 
corded in a link area preceding a 32K-byte data block, 
while postamble (PA) and post guard are recorded in 
the link area following a 32K-byte data block. 

Slice is data for setting a time constant used to con- 
vert reproducing data into binary values and PLL is data 
used to reproduce a ckxk. Link data is substantially the 
same as data recorded in clusters. The frame synchro- 
niztrig signals SYT to SY7 are appended with one of 
states 1 to 4 being selected, as described above with 
reference to Fig. 24. 

In postamble, data for adjusting the mark length of 
last data and restoring signal polarity is recorded. Post 
guard is an area for absorbing recording jitter generated 
according to disc eccentric, disc recording sensitivity, 
etc. Post guard also prevents mutual data interference 
with a link area for the next recording even when the 
start position of data recording is changed, as described 
later. Post guard is recorded in overlap with eight bytes 
of the next data when there is no jitter at all and DPS 
(Data Position Shift) described later is 0 byte. 

A synchronizing signal (sync) is 4-byte data and is 
a signal for synchronization. The last 4 bytes of software 
is a reserved area (res) for future use. 

Recording in each cluster is started from a start 
point and terminated at a point eight bytes beyond the 
start point. In the case of recording, the recording/repro- 
ducing circuit 33 selects a value from 0 to 64 byles at 
random as DPS data and changes the recording posi- 
tion of link area data and 32K-byte block data according 
to the selected DPS data value. 

As shown in a magnified portion of Fig. 25, for ex- 
ample, when 0 byte is selected as DPS data, 1 4-byte 
Slice/PLL data is appended before the first frame syn- 
chronizing signal SY1 of a preceding Wnk area and 
85-byte post guard data is appended after the last frame 
synchronizing signal SYS of a following link area. 

When 32 bytes are selected as DPS data, 46-byte 
slice/PLL data is appended before the first frame syn- 



chronizing signal Sy1 of a preceding link area and 
53-byte post guard data is appended after the last frame 
synchronizing signal SYS of a following link area. 

Further, when 64 bytes are selected as DPS data, 

5 78-byte slice/PLL data is appended before the first 
frame synchronizing signal SY1 of a preceding link ar«a 
and 21 -byte post guard data is appended after the test 
frame synchronizing signal SYS of a following link area. 
Thus, the position in which data is recorded in a link 

10 area and a cluster changes according to a DPS data 
value selected by the recording/reproducing circuit 33. 
Accordingly, when information is recorded on a phase- 
change type disc, it is possible to prevent repeated re- 
cording of identk^l data (e.g. . frame synchronizing sig- 

1S nals, etc.) in the same portion on the disc. In this case, 
because a-start point is fixed, the generation of record- 
ing timing can be implemented in the same way as be- 
fore. 

In the embodiment described above, the length 
20 (bytes) of each area is an example and can be-set to a 
predetermined value. 

This invention will produce especially good results 
when ajspiied to phase-change type discs. 



1. A rewritable disc in which data is recorded abng 
tracks, said disc comprising: 

a plurality of data blocks of second size, each 
having a plurality of sector dataof first size be- 
ing formed on said tracks; and 
link area of said first size, formed between re- 
. spective data bkscks and subsequent data 
blocks. 

2. A disc as claimed in Claim 1 , wherein said second 
size is a unit for recording or reproducing data. 

3. A disc as claimed in claim 1, wherein said data 
blocks have first and second error correction blocks 
comprised of first and second error correctksn code 
types. 

4. A disc as claimed in Claim 1 , wherein sakl link area 
includes a start point for use as a recording start 
position and position shift data recorded from the 
start point and having a specified data amount se- 
lected as a random value. 

5. A disc as claimed in Claim 1 , wherein said track is 
comprised of wobbling groove modulated corre- 
sponding to address information including a track 
number and a segment number designating a cir- 
cumferential direction. 

6. A disc as claimed in Claim 1 , wherein each of said 
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sector data comprises a plurality of frame data hav- 
ing frame synchronization signals which are select- 
ed from among frame synchronization signals of 
plural types and are disposed in specified order, and 
said link area Includes frame data disposed in such s 
order that said frame synchronization signals are 
equal to said sector data. 



7. A rewritable disc In which data is recorded along 
tracks, wherein said disc has the same frame struc- io 
ture as a reproduce only disc in which sector data 
comprised of a plurality of frame data having re- 
spective specified frame synchronization signals, 
and a link area is formed between said sector data 
and subsequent sector data and includes frame da- is 
ta disposed in such order that said frame synchro- 
nization signals are equal to said sector data. 



8. A device for recording data in a rewritable disc, said 
device comprising: 

. a head for recording data on tracks formed in 
said disc and reproducing the data recorded an 
the tracks; and 

a recording circuit for outputting input data to 
said head in units of data blocks having a first 
size and adding a portion of link areas having 
a second size before and after the data blocks 
for output. 

9. A device as claimed in Claim 8, wherein said data 
block consists of a plurality of sectors having said 
second size, further comprising an address gener- 
ation circuit for generating sector addresses to be 
added to these sectors. 



10. A device as claimed in Claim 8, wherein said link 
areas comprise a front link area added after the pre- 
ceding data block and a rear link area added to the 
following data black. 

11. A device as claimed in Claim 8, wherein said record- 
ing circuit adds first and second error correction 
codes comprised of first and second error correc- 
tion code types to said data blocks. 
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